Abstract The study identified relations among traumatic stressors, HIV-related trauma symptoms, comorbid medical conditions, and health related quality of life (HRQL) in individuals with HIV. Participants (N = 118) completed a structured clinical interview on HIV as a traumatic stressor and other severe traumatic stressors and completed the Impact of Event Scale to assess HIV-related trauma symptoms and the Medical Outcomes Study 36-item Short Form (SF-36) to assess HRQL. Medical chart reviews determined comorbid conditions. Path analysis findings indicated participants with prior severe traumatic stressors experienced their HIV diagnosis as traumatic and in turn were more likely to have current HIV-related trauma symptoms which were negatively related to HRQL. HIV as a traumatic stressor was related to coronary artery diseases and HRQL. Traumatic stressors and HIV-related trauma symptoms impact health in individuals with HIV and highlight the need for psychological interventions prior to diagnosis and throughout treatment.
Introduction
With the introduction of combination antiretroviral therapy (ART), HIV was transformed from a fatal disease to a manageable chronic disease [1] . Consequently, healthrelated quality of life (HRQL) [2, 3] and the management of comorbid chronic medical conditions [4] [5] [6] have been identified as essential components of overall healthcare for individuals living with HIV. HRQL refers to a patient's perceived well-being across a number of areas including physical, social, and mental functioning [7] and is a significant predictor of survival among individuals with HIV [8] . A number of factors have been identified that influence HRQL in individuals living with HIV including disease status, HIV symptoms, functional status, and psychological functioning [9] . Individuals with HIV have poorer HRQL than individuals living with other chronic conditions [10] . Furthermore, in non-HIV research, there is a strong link between trauma exposure and poor HRQL [11] .
Research indicates that individuals with HIV are more likely than the general U.S. population to have significant trauma histories [12] [13] [14] [15] and comorbid medical conditions [16] , both of which are negatively related to HRQL [8, 11, [17] [18] [19] . As many as 95% of those living with HIV report at least one severe traumatic stressor [13, 20] and up to 54% meet criteria for posttraumatic stress disorder (PTSD) [13, 21] . Further, between 30 and 40% of individuals living with HIV and PTSD identify receiving or living with HIV as the index traumatic stressor for their PTSD [22] [23] [24] . Experiencing one's HIV diagnosis as a traumatic stressor and ongoing HIV-related trauma symptoms likely negatively impact health and HRQL in ways that are unique to this population [21] [22] [23] [24] [25] . The cumulative negative effect of trauma in people with HIV, including increased biological and psychological vulnerability to elevated stress response [26] [27] [28] , increased likelihood of perceiving stress as traumatic [29] , and depleted psychological and physical resources for coping [30] , can be severe. Furthermore, serious long-term negative health consequences accompany trauma exposure, including chronic medical conditions [31] [32] [33] and reduced HRQL [8, 18] . Several studies have found that those with PTSD report a greater number of chronic pain conditions [32] , are at an increased risk of developing pulmonary diseases [32, 34] , and developing and dying of coronary artery diseases (CAD) [31, 35] . Moreover, research indicates PTSD is a stronger predictor of mortality and morbidity than objective measures of health [18] .
Schnurr and colleagues [33] propose a causal model for the relationship between trauma and negative health outcomes. Specifically, that trauma is indirectly related to poor health outcomes including the development of chronic medical conditions and poor HRQL through behavioral and physiological changes that prevent effective coping and positive health behaviors. This model recognizes that both trauma exposure and the development of trauma symptoms are predictors of poor health outcomes [33] .
Due to the negative health consequences of trauma exposure, the current study used path analysis to explore the relations among prior severe traumatic stressors, HIV diagnosis as a traumatic stressor, HIV-related trauma symptoms, comorbid chronic medical conditions, and HRQL. The model utilizes a trauma and health conceptual framework [33] to empirically examine the links between the experience of trauma and health in individuals living with HIV. Specifically, it was hypothesized that: (1) participants with a prior history of severe traumatic stressors (traumatic stressors meeting Criterion A of the PTSD diagnosis) would be more likely to experience their HIV diagnosis as a traumatic stressor, (2) experiencing one's HIV diagnosis as a traumatic stressor would be directly associated with current HIV-related trauma symptoms, (3) greater levels of current HIV-related trauma symptoms would be negatively related to HRQL, (4) experiencing one's HIV diagnosis as a traumatic stressor would be directly associated with a number of chronic health conditions, (5) experiencing one's HIV diagnosis as a traumatic stressor would be negatively related to HRQL, and (6) current HIV-related trauma symptoms would mediate the relationship between HIV diagnosis as a traumatic stressor and HRQL.
Methods

Participants and Procedures
This study took place at an urban medical center in an HIV/ AIDS clinic over a 6-month recruitment period in 2006.
Research assistants approached 146 patients as they were in the waiting area and described the study. Twenty-eight patients (19%) declined to participate for various reasons including lack of interest and time. One-hundred-eighteen patients were interested and were eligible to participate (HIV-positive adults receiving care at the clinic); thus, they were escorted to a private room and informed consent was obtained. A structured interview to obtain demographic information including gender, age, ethnicity, sexual orientation, and education and to obtain information regarding HIV diagnosis as a potentially traumatic stressor and history of severe traumatic stressors was conducted. Participants then completed the self-report questionnaires. A $15 gift card was provided to each participant upon completion. With consent, a medical chart review was also conducted. All procedures were approved by affiliated Institutional Review Boards, and a Certificate of Confidentiality was obtained from the National Institute of Mental Health.
Measures
Demographics
A structured interview was developed to obtain information on gender, age, ethnicity, sexual orientation, and education.
HIV Diagnosis as a Traumatic Stressor
A structured clinical interview, using Criterion A for PTSD based on the DSM-IV [36] , assessed HIV diagnosis as a traumatic stressor. Participants were requested to recall the date they were diagnosed with HIV. If they were unable to recall the date, the research assistant probed further with questions regarding age at diagnosis, season of the year when diagnosed, etc. Participants responded to two ''Yes/ No'' questions: (1) ''Did you perceive this experience as a threat to your life or a threat to your physical well-being?'' and (2) ''Did your response involve intensive fear, helplessness, or horror?'' The use of Criterion A has been deemed a ''feasible definition of trauma'' that can ''serve a wide range of clinical and research needs'' [37] . Endorsement of both criteria indicated that receiving an HIV diagnosis was experienced as a traumatic stressor and thus coded a dichotomous variable.
History of Severe Traumatic Stressors
Participants were requested to recall severe traumatic stressors that occurred over their lifetime that also satisfied DSM-IV PTSD Criterion A [36] . The traumatic stressor, date and/or age at which each stressor occurred were documented. Only traumatic stressors occurring prior to HIV diagnosis were included in the current study, which were summed to create a count variable.
HIV-Related Trauma Symptoms
The Impact of Event Scale (IES; [38] ) was used to measure current trauma symptoms and anchored to ''receiving an HIV-positive diagnosis'' as the referent traumatic stressor. This measure assesses intrusive and avoidant traumatic stress symptoms using 15-items, each rated on a 4 point scale from 0 (not at all), 1 (rarely), 3 (sometimes), to 5 (often) based on how often each symptom was experienced within the past week. An example of an intrusive item is 'I had dreams about it' and an example of an avoidant item is 'I stayed away from reminders of it.' A total score is derived from a summation of all items, scores range from 0 to 75 with higher scores indicating greater traumatic stress. The IES has good test-retest reliability (0.87) and predictive validity [38] . In the current study the alpha for the total scale score was 0.91.
Health Information
An in-depth systematic review of participants' medical charts was conducted using a data extraction worksheet including (1) date first diagnosed with HIV, (2) current anti-retroviral treatment status, (3) most recent CD4 count, and (4) current physician and/or nurse practitioner diagnosed medical conditions receiving treatment within the past 12-month period including: (a) Coronary Artery Disease (i.e. myocardial infarction, angina pectoris), (b) Chronic Pain Conditions (i.e. severe arthritis, rheumatism, or other joint or bone disease), (c) Renal/Kidney Disease, and (d) Respiratory/Pulmonary Disease (i.e. asthma, emphysema, chronic obstructive pulmonary disease). All chart reviews were conducted by research assistants and checked a second time for accuracy by the PI. These categories of medical conditions were chosen for several reasons, namely: (i) they are diseases that are generally not part of the HIV disease process; for example we intentionally did not include peripheral neuropathy and tuberculosis, (ii) they are conditions that are chronic and require ongoing medical care, (iii) they are conditions that often present in an aging population, and (iv) are increasingly of concern in the care of individuals living with HIV due to ART side effects [4-6, 16, 39] .
Health Related Quality of Life
The Medical Outcomes study 36-item Short Form (SF-36; [7] ) was used to assess HRQL. This is a widely used selfreport measure of general physical and mental health functioning across several domains including: physical functioning, role-physical (limitations in the kinds/amount of work/activities due to physical functioning), bodily pain, general health, vitality, social functioning, roleemotional (limitations to the kinds/amounts of work/ activities due to emotional functioning), and mental health. A number of validation studies have been conducted in the general population and with various medically ill populations [7] . A physical component summary score (Physical HRQL), was calculated with the physical functioning, role-physical, bodily pain, and general health subscales and a mental component summary score (Mental HRQL), was calculated with the vitality, social functioning, roleemotional, and mental health subscales [40] . Higher scores are indicative of greater HRQL. Internal consistency for the current study data were Physical HRQL = 0.86, Mental HRQL = 0.73.
Data Analysis
Descriptive statistics were performed using SPSS version 18 [41] and model testing was performed using AMOS version 17 [42] . Information obtained during the interview, demographics, HIV as a traumatic stressor, and prior severe traumatic stressors, did not have any missing data points. A missing data analysis for items on the IES and the SF-36 was conducted. Missing data were replaced using regression imputation for the IES. Further, scales for the SF-36 were calculated using recommended SF-36 procedures [7] in which missing values were replaced by scale means when there were valid responses for at least half of the scale items. Using these procedures, all missing values were replaced. Descriptive statistics, including frequencies and percents were used for categorical data and means and standard deviations were used for continuous data. Correlation analyses using appropriate coefficients including Pearson, Spearman, and Phi were used to examine bivariate relations between variables. Path analysis was used to test the hypotheses. Maximum likelihood was used to estimate path coefficients and results are presented in standardized form. Further, several fit indices were used to test the hypothesized path models, including: (1) comparative fit index (CFI), (2) root mean square error of approximation (RMSEA), (3) Tucker-Lewis Coefficient (TLI), and (4) Incremental Fit Index (IFI). A nonsignificant v 2 value indicates the hypothesized model does not differ from the covariance structure of the data. Values for CFI, TLI, and IFI above 0.95 and RMSEA values of 0.06 or less are indicative of a good model fit [43] . Due to small sample size we used the bootstrap-corrected Maximum Likelihood estimation method [44] . Finally, we examined the significance of indirect effects of HIV as a traumatic stressor on HRQL through bootstrapping and obtained bias-corrected confidence intervals.
Results
Missing Values Analysis
One hundred five participants completed the IES with no missing data points. The mean number of items missing per participant was 0.14 (SD = 0.43). The rate of missing values was below one percent for all items. Results indicated there was less than one percent missing data and that data were missing at random. Missing data for the SF-36 indicated 75 (64%) completed it with no missing data points. Overall, the mean number of missing items per participants was 0.69 (SD = 1.50). The rate of missing values was below five percent for all items.
Collinearity analyses indicated multicollinearity was not a concern [45] . Analyses were conducted to assess assumptions of normality and revealed IES data and CD4 count were positively skewed; therefore, data were Winsorized to the 95th percentile [46] . The SF-36 did not violate normality assumptions.
Sample Demographics
Participants were predominately Black American (89%), men (73%), and represented all sexual orientations (55% heterosexual, 31% gay/lesbian, and 11% bisexual). The average age was 45 years (SD = 9), range 23-69. Demographic characteristics are presented in Table 1 .
Descriptive Information
On average, participants had been living with HIV for 10.4 (SD = 5.97) years (range \1-23 years). Ninety-two participants (78%) were prescribed ART at the time of the study and the average participant CD4 count was 500 (SD = 394).
Overall, 39 (33%) of the participants reported a history of prior severe traumatic stressor [M = 0.48 (SD = 0.85), range 0-4] prior to learning of one's HIV diagnosis. More detailed information about the specific traumatic stressors is provided in Table 2 . Further, 37 (31%) of the participants reported experiencing their HIV diagnosis as a traumatic stressor. The average HIV-related trauma symptoms score was 24.45 (SD = 17.41). Scores 26 and greater are indicative of moderate to severe traumatic stress [38] and 51 (43%) participants scored in this range.
Sixty-two participants (53%) had at least one of the physician diagnosed comorbid chronic disease of interest in the current study. Further examination revealed 46 (39%) had one comorbid condition, 13 (11%) had two comorbid conditions, and 3 (3%) had three comorbid conditions. Information about the specific comorbid chronic conditions is provided in Table 2 . The average physical HRQL was 57.45 (SD = 23.50) and the average mental HRQL was 63.28 (SD = 21.66). 
Path Analysis
Based on bivariate analysis, a pathway between prior severe traumatic stressors and chronic pain was established rather than a pathway between HIV diagnosis as a traumatic stressor. The hypothesized model was not a good fit with the study data, v 2 (26, N = 118) = 103.79, p = 0.00 (RMSEA = 0.16, 95% CI = 0.13-0.19; CFI = 0.48, IFI = 0.51, TLI = 0.27). Modification indices suggested adding covariance between the error terms for physical and mental HRQL. Further, pathways were also included from renal and chronic pain conditions to physical HRQL and from pulmonary and chronic pain conditions to mental HRQL, these modifications were included for both statistical and conceptual purposes and significantly improved the model fit. Figure 1 presents the final path model. Though not shown, the effects of all significant covariates were controlled for in the model. Overall, the final model was a good fit with the study data, v 2 (57, N = 118) = 54.77, p = 0.56 (RMSEA = 0.00, 95% CI = 0.00-0.05; CFI = 1.00, IFI = 1.00, TLI = 1.00). The model accounted for 24% of the variance in physical and 27% of the variance in mental HRQL. For the first hypothesis, participants with more past severe traumatic stressors were more likely to have experienced their HIV diagnosis as a traumatic stressor (p \ 0.001). For the second hypothesis, those who experienced their HIV diagnosis as a traumatic stressor had greater levels of current HIV-related trauma symptoms (p = 0.006). For the third hypothesis, greater current HIV related trauma symptoms was significantly related to poorer physical HRQL (p = 0.005) and poorer mental HRQL (p \ 0.001). For the fourth hypothesis, those who experienced their HIV diagnosis as a traumatic stressor were more likely to have CAD (p = 0.045). HIV diagnosis as a traumatic stressor was not significantly related to the other comorbid chronic conditions. However, history count on coronary artery, and education on mental health related quality of life and pulmonary disease were controlled in the model. *p \ 0.05, **p \ 0.01, ***p \ 0.001 of prior severe traumas was significantly related to chronic pain condition (p = 0.033). For the fifth hypothesis, experiencing one's HIV diagnosis as a traumatic stressor was not directly significantly related to poorer physical HRQL (p = 0.135); however, it was significantly related to poorer mental HRQL (p = 0.029). For the sixth hypothesis on mediation, the indirect effects of HIV as a traumatic stressor was significant for physical HRQL, = -0.072 (p = 0.020) but was not significant for mental HRQL (p = 0.087).
Discussion
Our findings support the general study hypotheses and the trauma-health link [33] in individuals living with HIV. Specifically, the current study found that: (1) individuals with histories of prior severe traumatic stressors were more likely to experience their HIV diagnosis as a traumatic stressor, (2) those who experienced their HIV diagnosis as a traumatic stressor reported greater levels of current HIV-related trauma symptoms, diminished mental HRQL, and were more likely to have CAD, and (3) current HIV-related trauma symptoms had a significant negative impact on physical and mental HRQL independent of chronic medical conditions and significant covariates. Further, although not the focus of the current study, findings elucidate the seriousness of comorbid chronic medical conditions in an already immune-compromised population. Findings are discussed within biological and behavioral theoretical perspectives while emphasizing their clinical relevance. In spite of the evidence that individuals living with HIV are likely to have significant trauma histories [12] [13] [14] [15] ; this is the first study we are aware of to examine the cumulative effect of prior traumatic stressors on the perceptions of a highly stressful event, specifically, that of receiving an HIV-positive diagnosis, and the resulting health impact. In the current study, participants with histories of prior severe traumatic stressors were more likely to experience their HIV diagnosis as a traumatic stressor. This finding supports research in non-HIV populations that suggests individuals with histories of prior traumas are vulnerable to perceiving future stressor as traumatic [29, 30] . Further, findings indicate there may be long-term health consequences of this perception.
Perceiving one's HIV-positive diagnosis as a traumatic stressor, regardless of length of time since diagnosis, was significantly related to indicators of current psychological and physiological functioning including greater levels of current HIV-related trauma symptoms, CAD, and diminished mental HRQL. Biological models suggest that traumatic stress may result in several biological processes that can have a negative impact on health, including sympathetic over activity, endocrinologic irregularities, and altered immunologic mechanisms [27, 28] . It has also been suggested that these biological changes may allow for an accelerated aging process, the manifestation of diseases [17, 47] , or lead to a disinhibition of the inflammatory process [48] . In fact, increased inflammation, a risk factor of CAD, has also been demonstrated among individuals diagnosed with PTSD [35] . Behavioral models suggest that the relationship between traumatic stress and health outcomes may also be partly explained by the effect of trauma on health behaviors. Prior studies have shown that individuals with histories of trauma and/or trauma symptoms are more likely to engage in high-risk behavior [12] and less likely to engage in health promoting behaviors [49] . Taken together, these models bring to light the multiple pathways from traumatic stress to indicators of health. Although HIV has been transformed from a fatal disease to a chronic disease, the impact of receiving the diagnosis and living with the disease continues to have a profound impact on the quality of life in individuals living with the disease. Moreover, while the 'test and treat' model is a good public policy, it may be problematic for people with a preexisting trauma history. Appropriate screening for the presence of trauma history and current trauma symptoms prior to HIV testing may be necessary to identify those who may require additional support following a diagnosis to avoid being traumatized, or retraumatized, by receiving an HIV diagnosis. These individuals may also be good candidates for additional mental health treatment to reduce negative disease impact and ongoing risk behavior, and increase treatment adherence [50] . In fact, unlike many problems facing people living with HIV, traumatic stress is modifiable. Effective behavioral interventions exist, and some pharmaceutical agents show promise for reducing traumatic stress.
The prevalence of comorbid chronic medical conditions and poor HRQL in this sample highlight the complex health challenges of individuals living with HIV. The percentage of participants with physician diagnosed chronic medical conditions in the current sample is remarkable and concerning. Further, the comorbid conditions examined in the current study were intentionally not opportunistic diseases or HIV related diseases; rather they are chronic medical conditions that exist outside of the HIV disease process and are generally found in aging populations. Findings support previous research that highlights the burden of chronic diseases in individuals with HIV [4] [5] [6] 16] . The medical management of comorbid chronic medical conditions in individuals with HIV has emerged as a result of many factors, including longer life expectancies [51] and negative side effects that result from ART [16] . Further, both trauma and ART are associated with the development of a number of chronic comorbid conditions including CAD [16, 35] , diabetes and renal diseases [34] , pulmonary diseases [16, 34] , and chronic pain conditions [32, 52] . Our findings support previous research suggesting individuals living with HIV have poor health status, beyond that directly related to HIV, based on multiple indicators of health including physician diagnosed conditions and poor HRQL [2, 16] . We suggest that these findings may at least to some degree be due to the impact of trauma on health [33] .
Findings should be understood within the limitations of the study. First, although there is a conceptual temporal sequence to the variables in our model, these data were collected cross-sectionally. Thus, we are prevented from determining causal and temporal relationships among traumatic stressors, trauma symptoms, comorbid chronic medical conditions, and HRQL. Prospective longitudinal studies are necessary to assess temporal relationships between these variables. Second, the retrospective recall of the emotional responses involved in receiving an HIV diagnosis is a major limitation. Unknown factors present during the acute aftermath of diagnosis and/or during study participation may have influenced recall. Further, time since diagnosis varied in this sample, potentially influencing recall and possibly limiting interpretation of results. Third, the sample size is small for the analysis utilized. Although significant findings are considered reliable, the study may have lacked power to identify small but significant relationships between variables. Additionally, there may have been insufficient power to reject the null hypothesis when considering model fit (i.e., non significant chi-square value). Therefore, our use of multiple fit indices was necessary to support goodness of fit. Fourth, individuals living with HIV are likely to have future-oriented concerns involving the trajectory of the disease process [23, 53] . Therefore, standard tools for assessing trauma symptoms in individuals with HIV may not assess trauma related symptoms accurately; specifically, these instruments were not developed to assess ongoing traumatic stressors such as HIV [54] . The development of instruments designed to assess ongoing traumatic stressors and the ability to assess future oriented trauma symptoms is necessary for a comprehensive understanding of the traumatic impact of living with HIV. Fifth, although participants were instructed to anchor all Impact of Event items in the index trauma of ''receiving an HIV-positive diagnosis,'' due to the ongoing nature of the living with HIV and the high number of prior severe traumatic stressors endorsed, they may have generalized their responses to the experience of living with HIV and/ or other traumatic stressors. Sixth, the study sample was fairly homogenous (73% male and 89% African American), thus findings may not be generalizable to the larger HIV positive population.
Conclusion
In spite of these limitations, our findings established a relationship among traumatic stressors, HIV-related trauma symptoms, and indicators of health; and as such, have clinical implications. The high prevalence rate of both trauma, HIV-related trauma symptoms and inflammatory related comorbid chronic medical conditions (i.e. CAD, chronic pain conditions) in individuals living with HIV likely increases risk for mortality [31, 35] . Because these psychological and physiological conditions may have shared pathways, future research is necessary to determine the presence of and implications of dual inflammatory processes related to both trauma and comorbid chronic medical conditions. Given how common histories of trauma exposure are among people living with or at risk for HIV, it is imperative that clinicians and researchers keep in mind the potential for traumatic stress reactions when testing for or treating HIV infection.
